Ten anthocyanins, cyanidin 3-sambubioside, 3-glucoside and their acylated derivatives, cyanidin 3-lathyroside and cyanidin 3-galactoside, were isolated from red flowers of Camellia reticulata. Their structures were determined on the basis of spectroscopic analyses, and the chemotaxonomic distribution of the accumulated anthocyanins in the petals of wild Camellia reticulata and C. pitardii var. yunnanica is discussed.
80Ts QA column (4.5 mm i.d. Â 150 mm, Tosoh) at 40 C. Separation was carried out with a binary solvent system of 1.5% H 3 PO 4 in H 2 O, v/v (solvent A) and 1.5% H 3 PO 4 -20% HCOOH-15% MeCN-10% tetrahydrofuran (THF) in H 2 O, v/v (solvent B), with a B linear gradient of 18-70% in A for 35 min at a flow rate of 0.8 ml/min. TLC was performed and UV-vis spectra were recorded as described previously. 7) ESI-MS data were measured by an MAT900XL instrument (Finnigan, y To whom correspondence should be addressed. Tel/Fax: +81-99-285-8559; E-mail: fhashimo@agri.kagoshima-u.ac.jp Abbreviations: CC, column chromatography; ESI-MS, electrospray ionization mass spectroscopy; FG, field gradient; HMBC, heteronuclear multiple bond correlation; HMQC, heteronuclear multiple quantum correlation; HPLC, high performance liquid chromatography; NMR, nuclear magnetic resonance; TMS, tetramethylsilane; TLC, thin layer chromatography; UV, ultraviolet; VBL, venture business laboratory Japan; at the United Graduate School of Agricultural Sciences, Kagoshima University) in 10% AcOH-MeOH without a matrix in the positive mode.
Red flowers of C. reticulata were collected at Yunhua Commune in Tengchong City, Yunnan Province, China in February 2002 and 2005, and red flowers of C. pitardii var. yunnanica were collected at Mt. Zixi in Chuxiong City, Yunnan Province, China in February 2002. The fresh petals were treated with boiling water for 4-6 sec. to kill the polyphenol enzymes and were then dried at room temperature.
8) The dried petals (2.5 kg ca.) of C. reticulata were immersed in 50% AcOH-MeOH for 24 h, and the extracted solution was filtered. The extraction was repeated twice more. The HPLC chromatogram of the crude extract showed ten anthocyanins with the following retention times (min): pigment 9, 12.3; pigment 10, 12.6; pigment 1, 13.5; pigment 5, 13.9; pigment 4, 27.5; pigment 8, 29.3; pigment 6, 29.8; pigment 2, 30.1; pigment 3, 32.8; and pigment 7, 33.1. The crude extract was subjected to MCI gel CHP 20P CC with 5% AcOH-H 2 O and stepwise elution with an increasing amount (10, 20, 30, 40 , 50, 60, 70 and 100%) of 5% AcOH-MeOH to afford fractions. The obtained fractions were further chromatographed repeatedly by Sephadex LH-20 CC and ODSgel CC to isolate ten anthocyanins: 1, 40 mg; 2, 15 mg; 3, 30 mg; 4, 22 mg; 5, 20 mg; 6, 14 mg; 7, 25 mg; 8, 20 mg; 9, 20 mg; and 10, 15 mg. A quantitative HPLC analysis was conducted on the dried petals of C. reticulata (26.0 mg) and C. pitardii var. yunnanica (42.7 mg) Each of the isolated anthocyanins was subjected to an HPLC analysis to measure its precise quantity in the petals. To quantify the sugar moieties in the isolated compounds, each isolated anthocyanin (2 mg ca.) was dissolved in 2 N HCl (2 ml ca.), and the solution was heated at 95 C for 2 h. The acid-hydrolyzed solution was directly compared by TLC with the authentic sugar. The solvent systems for TLC were n-BuOH-AcOH-H 2 O (2:1:1), and CHCl 3 -MeOH-H 2 O (7:3:0.5). Acid hydrolysis of pigments 1-4 gave cyanidin, xylose and glucose; 5-8 gave cyanidin and glucose; 9 gave cyanidin, xylose and galactose; and 10 gave cyanidin and galactose.
The ten anthocyanins (1-10) were reddish amorphous powders of AcOH salts. The data for these anthocyanins were identical with the NMR, MS and UV-vis data reported in the literature for cyanidin 14) cyanidin 3-O-(2-O--xylosyl)--galactoside (9), 15) and cyanidin 3-O--galactoside (10). 16 ) Anthocyanins 1-4, 6, 8 and 9 were isolated from red flowers of genus Camellia for the first time (Fig. 1) The characteristic feature of the pigmentation in both original species can be described by the possible biogenesis of anthocyanins according to pigments 1-10 ( Fig. 1) . There are three types of glycosylation, i.e., glucosylation, galactosylation and xylosylation, which were found in both C. reticulata and C. pitardii var. yunnanica. Moreover, three aromatic acid acylations were found in the (Z)-p-coumaroyl, (E)-p-coumaroyl and (E)-caffeoyl derivatives. It is important to note that the biogenesis of xylosylation and acylation by (Z)-pcoumaric and (E)-caffeic acids is described for the first time in anthocyanins from flowers of the Camellia genus.
The quantities were compared in HPLC chromatograms between the flowers of C. reticulata and C. pitardii var. yunnanica ( Table 2 ). The quantities of pigments 1 and 9 (xylosylation without acylation) in C. reticulata petals were 176.9 and 67.9 mg/100 g of dried petal (relative concentration to Cy3GX), respectively, while in C. pitardii var. yunnanica petals, they were 86.9 and 30.6 mg/100 g of dried petal (relative concentration to Cy3GX), respectively. The results show that the quantities of these two pigments in C. reticulata petals were over 2-fold of those in C. pitardii var. yunnanica petals. Pigments 5 and 10 (without xylosylation nor acylation) in C. pitardii var. yunnanica petals were 73.3 and 33.1 mg/100 g of dried petal (relative concentration to Cy3GX), respectively, these quantities being larger than those in C. reticulata petals ( Table 2 ). The amounts of (E)-p-coumaroated pigments 3 and 7 in C. pitardii var. yunnanica petals were also higher than those in C. reticulata petals, whereas the amount of pigment 2 in C. reticulata petals was 2.5-fold of that in C. pitardii var. yunnanica petals. Ming has recently addressed the classification of the Camellia genus, in which C. reticulata was certainly differentiated from C. pitardii var. yunnanica based on their geographical distribution and morphological characteristics; 17) however, we suggest that these two wild species could not be clearly distinguished by their anthocyanin contents.
Based on these pigmentation patterns and the biogenetic background, as well as on a consideration of the morphological features, we suggest that C. pitardii var. yunnanica is a very close species to C. reticulata.
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